The concept of a mobile intensive care unit is not new. However, most of those described require modification of the ambulance which is to carry the equipment. We describe a lightweight, selfcontained intensive care trolley which will fit into any of the front-line ambulances at present in service in our district.
Although many District General Hospitals have well-equipped and well-staffed intensive care units (lCU), it is still necessary to transfer some patients to specialist units. In particular, since the advent of computerised axial tomography (CAT) the optimum management of severe head injury requires transfer to a specialist unit with this facility as soon as the patient is adequately resuscitated. I The safe transfer of such patients would ideally be achieved using a mobile intensive care unit, such as those already described. 2 , 3 However, these require modification of the ambulance used, which both adds to the cost and reduces the flexibility of the system.
The Princess Margaret Hospital, Swindon, is thirty-three miles from the nearest neurosurgical unit and CAT scanner in Oxford. Other hospitals which receive referrals from Swindon include Bristol, Gloucester and the Regional Burns Unit at Salisbury. On average, it is necessary to transfer two patients each month to anyone of these specialist units, and *F.F.A.R.C.S., Senior Registrar. tF.F.A.R.C.S., Consultant Anaesthetist. many of these patients have multiple injuries and require ventilatory support. In order to improve our care of these patients during transfer a trolley has been designed which can carry the patient and the equipment required to provide medical support and monitoring (see Figure 1 ), but which still fits into an unmodified ambulance.
EQUIPMENT Trolley: This is a modified York ambulance trolley (F.W. Equipment Co. Ltd., Bradford, England). It can be secured in the stretcher clamps on either side of the ambulance, thereby giving the option of transporting the patient either head or feet first. Any modification to an ambulance trolley should not alter the structures which are used as anchor points to secure the trolley in the ambulance. So long as this important point is observed there is no reason why similar modifications should not be made to other designs of ambulance trolley.
The height of the trolley is not adjustable, and is a compromise between being sufficiently high to accommodate the necessary equipment, and yet low enough to be stable when the ambulance negotiates corners. The extra height allows two shelves to be fitted below the patient deck, and these extend over the full length and width of the trolley. The upper shelf houses the ventilator, electrocardiogram (ECG) and defibrillator, syringe pump, respirometer, and thermometer. The lower shelf has two recesses let into it which allow the secure carriage of two size E (680 litre) oxygen cylinders. By placing these as low as possible the stability of the trolley is further improved. The rest of the bottom shelf is occupied by the suction apparatus and two cases containing intubation equipment and emergency drugs.
The patient deck is covered with a firm mattress. The whole deck can be tilted head down, or the head end alone elevated to provide a sitting position. The two telescopic drip stands can be fitted at any of the four corners. By extending the bottom rails of the trolley by 20 cm at each end four lifting handles have been created. These facilitate a 'four man lift' and make it a relatively easy task to lift a patient on this trolley into an ambulance.
The weight of the trolley alone is 37.5 kg. Once all the equipment and one oxygen cylinder have been added the weight is still only 70 kg.
Dimensions of the trolley are given in Table 1 . Oxygen supply: A double female Schraeder outlet is supported on a Medirail (BOC Medishield, London, England) at the head of the trolley. This outlet is supplied either by the trolley's own oxygen cylinder, or by an external source in the ambulance or hospital, via a twometre length of oxygen hose terminating in a male Schraeder connector.
The ventilator is connected to one of the Schraeder outlets, the other being occupied by a rotameter which can regulate the supply of oxygen to a Mapleson C system or a selfinflating resuscitation bag.
Although there is room for two size E oxygen cylinders, only one will routinely be carried in order to reduce the weight of the trolley. Oxygen is conserved wherever possible by using external supplies. Ventilator: Draeger Oxylog (Draeger Medical Ltd., Hemel Hempstead, England). This is a time-cycled volume-preset ventilator with a fluid logic control system. The wide range of minute volume and rate settings enable it to be used to ventilate patients in all age groups, from infancy through to adulthood. Some of the more important features are given in Table 2 . Electrocardiogram and defibrillator: Lifepack 5 Cardiac Care system (Physio Control Limited, Bedford, England). This combines a cathode ray ECG display and pen recorder module with a defibrillator. The total weight is only 9.7 kg including the rechargeable battery packs.
The defibrillator can deliver 20, 50, 100, 200, 300 or 400 joules. The charge time to 400 joules is approximately 12.5 seconds.
The power sources will support 150 minutes of continuous ECG monitoring or 45 minutes of pen recorder use. In addition it can supply thirty-two 400 joules discharges from the defibrillator. Suction: AMBU Uni-Suction (AMBU International (U.K.) Ltd., Bath). Although this unit could be driven by the oxygen supply on the trolley it was decided that this would be unnecessarily complex. It can be deployed rapidly and effectively as a foot-operated device.
Respirometer:
Blood pressure monitoring: There is no satisfactory method of indirect blood pressure measurement which is reliable in a moving ambulance. 3 Direct measurement following percutaneous arterial cannulation is therefore the method of choice where it is felt that the patient's condition warrants it. This does not, however, require an electronic transducer and display. Monitoring of the mean arterial pressure using a 'Tycos' manometer 7 has proved satisfactory, especially as every effort is made to ensure that patients are adequately resuscitated and stable before transfer. Two Anaesthesia and Intensive Care. Vol. /5, No. 2, "'Jay, 1987 alternative, equally simple methods for estimating mean arterial pressure have been described and deserve consideration. 8 ,9 Emergency boxes: Two plastic cases are carried on the trolley. One contains equipment required for securing the airway and ventilating a patient, the other contains equipment necessary for setting up an intravenous infusion, inserting a chest drain, and a basic range of drugs which would be required to initiate cardiopulmonary resuscitation. It is the responsibility of the anaesthetist accompanying the patient to provide any additional equipment or drugs which may be required by the patient. A list of the contents of the cases is given in Table 3 . The hazards of interhospital transfer are well documented, as is the importance of adequate resuscitation before, and careful monitoring during the journey. [1] [2] [3] [4] [5] [6] Attention to these principles means that not only will the patient arrive in the best possible condition, but that the journey can be made without haste, thereby reducing the risks both to the occupants of the ambulance and the public at large.
DISCUSSION The transfer of critically ill patients between and within hospitals is commonly achieved with
Our choice of a time-cycled, volume-preset ventilator in combination with a respirometer enables us to ensure adequate pulmonary ventilation. The 'air-mix' facility makes it possible to avoid the use of 100070 oxygen without having to carry additional heavy cylinders. It also extends the life of the oxygen supply in the ambulance which is provided by a size F (1365 litre) cylinder. This can sustain a minute volume of 10.5 litres with an inspired oxygen fraction (F 1 0 2 ) of 1.0 for 120 minutes, or with an F 1 0 2 of 0.6 for 240 minutes. If, in addition, two oxygen cylinders are carried on the trolley ventilation with an F 1 0 2 of 1.0 could continue for up to four hours. It would be unusual to spend more than two hours transferring a patient from Swindon to one of the major centres, but if a longer journey was anticipated additional oxygen cylinders could be carried or picked up en route.
The syringe pump is usually used to ensure adequate sedation during the journey, but can also be used to deliver inotropic or other therapeutic agents if required. A single syringe pump has proved adequate, but it would be possible to carry an additional one clamped to one of the drip stands. While in the ambulance other infusions are maintained either by suspending the fluids from hooks near the roof of the ambulance, or by using inflatable pressure infusors.
All the equipment on the trolley is easily removable and can function independently, and can therefore be used to treat a patient trapped at the scene of an accident. It also allows the weight of the trolley to be reduced to facilitate the lifting of excessively heavy patients into the ambulance, although so far this has not been required.
By ensuring that the trolley can be carried by an unmodified ambulance the cost of this service is dramatically reduced, and rapid deployment simplified, since it is not necessary to wait for a specific ambulance to be made available.
One possible criticism of the use of an unmodified ambulance is the lack of room at the head of the patient when the trolley is clamped in place. However, if the security of the airway is in doubt the patient would be intubated before leaving the ICV. If urgent intubation were required during the journey the ambulance would be stopped, the trolley clamps released, and ample room would then be available at the patient's head. Despite the additional height of the trolley there is still sufficient room to perform cardiac massage, defibrillation, or endotracheal suctioning.
Although this trolley was primarily designed to transport patients between hospitals it has also proved its value within the hospital. The transfer of critically ill patients from the ICV to the X-ray department or to and from theatre can be performed in an unhurried manner. The trolley becomes an extension of the ICV, allowing close monitoring and consistent ventilation to be maintained.
Since the trolley was commissioned in the middle of 1984 it has been used to transport more than 60 patients. The equipment has performed well, and no major modifications have been required. We feel that it has made a significant contribution to the safety of our patients.
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